INTRODUCTION
============

Narrow-band imaging (NBI) is a method of image enhancement that modifies white light (WL) into narrowed bands of light with a center wavelength of 415 (blue) and 540 nm (green), which are absorbed by hemoglobin \[[@b1-ce-48-6-491]-[@b3-ce-48-6-491]\]. Diagnosis based on angiogenesis might be ideal for early detection and diagnosis of neoplastic lesions, because angiogenesis is essential for the transition of a premalignant lesion in a hyperproliferative state to a malignant lesion \[[@b4-ce-48-6-491]-[@b6-ce-48-6-491]\]. NBI becomes more powerful when adapted to a magnifying endoscope providing a range of low to high optical magnification (×80 maximum) by means of a simple, one-touch operation \[[@b7-ce-48-6-491]\]. NBI providing enhanced images of vessels and surface patterns of lesions has greatly contributed to detection and diagnosis of colorectal tumors, and changed the role of ordinary diagnostic methods such as WL imaging and chromoendoscopy.

This review highlights the application of NBI colonoscopy with or without optical zoom magnification for the detection and diagnosis of colorectal lesions, and discusses the education and training of practitioners, and future perspectives.

DETECTION
=========

So far, screening colonoscopy for detection of colorectal polyps has been performed using WL. With the development and dissemination of NBI, a number of randomized controlled trials for evaluating the efficacy of NBI in screening colonoscopy have been conducted, and meta-analysis of these trials has concluded that high-definition (HD) NBI colonoscopy is better than standard-definition WL colonoscopy and equal to HD-WL colonoscopy for detection of colorectal adenomas and polyps \[[@b8-ce-48-6-491],[@b9-ce-48-6-491]\]. Therefore, at present, screening colonoscopy is performed using HD-WL, and the NBI technique is employed mainly for diagnosis of any colorectal polyps that are detected.

The brightness and resolution of colonoscopic views obtained using NBI have been improved markedly since the introduction of the Olympus 290 series (EVIS LUCERA ELITE; Olympus, Tokyo, Japan) and 190 series (EVIS EXERA III) endoscopy systems, in comparison with the previous 260 and 180 series, respectively ([Figs. 1](#f1-ce-48-6-491){ref-type="fig"}, [2](#f2-ce-48-6-491){ref-type="fig"}). In a prospective multicenter randomized controlled trial using the 290 series, Horimatsu et al. \[[@b10-ce-48-6-491]\] compared the mean number of colorectal polyps detected per patient between HD-NBI and HD-WL colonoscopy, and found that the number was significantly higher for the former than for the latter (2.01 vs. 1.56, *p*=0.032). Therefore, they concluded that HD-NBI colonoscopy using the 290 series endoscopy system was superior to HD-WL colonoscopy for detection of colorectal polyps. Moreover, they found that significantly more sessile serrated adenomas/polyps, which have recently attracted much attention as possible precursor lesions of colorectal cancers with microsatellite instability, were detected using NBI than by WL (0.05 vs. 0.01 per patient, *p*=0.036). Leung et al. \[[@b11-ce-48-6-491]\] conducted a prospective randomized controlled trial to compare the adenoma and polyp detection rates between HD-NBI and HD-WL colonoscopy using the novel 190 series endoscopy system, and found that both rates were significantly higher for NBI than for WL (adenoma: 48.3% vs. 34.4%, *p*=0.01; polyps: 61.1% vs. 48.3%, *p*=0.02). Therefore, they concluded that HD-NBI colonoscopy using the 190 series was superior to HD-WL colonoscopy for detection of colorectal adenomas and polyps.

Previous studies have demonstrated the usefulness of NBI in screening endoscopy for early detection of cancers in the head and neck region and esophagus \[[@b12-ce-48-6-491]\]. Although further studies are required to confirm the usefulness of NBI in screening colonoscopy for detection of colorectal polyps, the available evidence suggests that screening endoscopy using NBI with these newly developed endoscopy systems may become a standard tool, not only for the head and neck region and esophagus but also for the colon and rectum ([Fig. 3](#f3-ce-48-6-491){ref-type="fig"}).

CHARACTERIZATION
================

NBI with magnifying colonoscopy
-------------------------------

### Histological prediction

In Japan, a combination of magnifying colonoscopy and chromoendoscopy has been one of the most reliable methods for distinguishing non-neoplastic from neoplastic lesions. The reported overall diagnostic accuracy of magnifying chromoendoscopy using indigo carmine is 95.6%, being 10% and 5% more superior to conventional endoscopy and chromoendoscopy, respectively \[[@b13-ce-48-6-491]\]. Unfortunately, magnifying chromendoscopy has not disseminated around the world because magnifying endoscopy is difficult to use and chromoendoscopy is time-consuming. NBI was developed in 2006, and since then has spread and changed the conventional approach to diagnosis.

NBI allows endoscopists to recognize neoplastic lesions by emphasizing neoplastic angiogenesis. The normal mucosa consists of intestinal crypts surrounded by regular networks of capillaries, and this surface microvascular architecture (capillary pattern \[CP\]) can be demonstrated by NBI with magnifying colonoscopy. Vascular changes (brownish dilated and meshed vessels) are recognizable in neoplastic lesions, and are referred to as meshed capillary (MC) vessels. On the basis of these MC vessels, CP has been classified into three types (types I, II, and III) for qualitative assessment ([Fig. 4](#f4-ce-48-6-491){ref-type="fig"}) \[[@b14-ce-48-6-491]-[@b16-ce-48-6-491]\]. The presence of MC vessels is useful for differentiating small colorectal non-neoplastic from neoplastic polyps (CP type I vs. type II; accuracy 95.3%, sensitivity 96.4%, specificity 92.3%) \[[@b15-ce-48-6-491]\]. Moreover, low-grade dysplasia can be significantly differentiated from high-grade dysplasia/invasive cancer by observing the structure of MC vessels closely (CP type II vs. type III; accuracy 95.5%, sensitivity 90.3%, specificity 97.1%) \[[@b16-ce-48-6-491]\].

Only NBI with magnifying colonoscopy, and not chromoendoscopy, is used to distinguish neoplastic and non-neoplastic polyps during routine colonoscopy because magnifying colonoscopy with NBI is convenient to use and as accurate as magnifying colonoscopy.

### Estimation of depth of early colorectal cancer

NBI with magnifying colonoscopy is also useful for estimating the depth of early colorectal cancer. CP type Ⅲ lesions are subclassified into type IIIA and IIIB. This subclassification is effective for estimating the depth of cancer invasion. Type IIIB lesions are nearly avascular or have loose capillaries, and these characteristics are predictive of SM deep cancers. Ikematsu et al. \[[@b17-ce-48-6-491]\] have reported that the accuracy, sensitivity, and specificity of CP type IIIB for differentiating SM 2-3 from M or SM1 lesions are 87.7%, 84.8%, and 88.7%, respectively. In comparison with the pit pattern classification (accuracy 98.8%, sensitivity 85.6%, specificity 99.4%) \[[@b18-ce-48-6-491]\], the sensitivity is similar, but accuracy and specificity are markedly lower.This suggests the need for additional chromoendoscopy when a lesion is suspected to be deep submucosal invasive cancer.

### NBI without magnifying colonoscopy

NBI without magnification also provides high accuracy for differentiating between neoplastic and non-neoplastic polyps when diagnosed with high confidence (≥90% confidence for prediction of histology). Rex \[[@b19-ce-48-6-491]\] has reported that endoscopic prediction of adenomas and hyperplastic polyps using NBI without magnification is correct in 91% and 95% of cases when the diagnosis is made with high confidence. Ignjatovic et al. \[[@b20-ce-48-6-491]\] has also indicated that the accuracy of differentiating between neoplasic and non-neoplastic polyps is 95% for experts and 87% for non-experts when optical diagnosis can be made with high confidence. NBI without magnification is useful when diagnosis can be made with high confidence. Because magnifying endoscopy is not available outside Japan, simple classification systems for NBI with/without magnifying endoscopy were necessary in order for the system to be widely used in clinical practice. Therefore in 2011, the NBI International Colorectal Endoscopic (NICE) classification was proposed by an international group (Colon Tumor NBI Interest Group \[CTNIG\]), which included Yasushi Sano (Japan), Shinji Tanaka (Japan), Douglas K. Rex (U.S.), Roy M. Soetikno (U.S.), Thierry Ponchon (France), and Brian P. Saunders (UK).

The NICE classification is based on three criteria: (1) color, (2) vessels, and (3) surface pattern, and differentiates colonic lesions into three categories ([Table 1](#t1-ce-48-6-491){ref-type="table"}). Several validation studies of the NICE classification have already been conducted. Hewett et al. \[[@b21-ce-48-6-491]\] have reported that NBI-experienced colonoscopists were able to differentiate hyperplastic and adenomatous polyps with high confidence for 75% of small colorectal polyps by using the NICE classification (NICE1 and NICE2), and with 89% accuracy, 98% sensitivity, and 95% negative predictive value. In terms of NICE2 and NICE3, Hayashi et al. \[[@b22-ce-48-6-491]\] have confirmed that when any one of the three criteria (color, vessels, surface pattern) of deeply SM-invasive carcinoma was present, the sensitivity was 94.9%, and the negative predictive value was 95.9%.

The NICE classification is a valid tool for differentiating not only non-neoplastic from neoplastic polyps, but also SM-invasive carcinomas from early colorectal carcinomas. However, further multicenter research involving endoscopists with different abilities will be necessary to validate these results in order to ensure that the classification can be used widely with satisfactory availability and reliability.

MANAGEMENT
==========

As mentioned above, although NBI with magnifying colonoscopy can replace magnifying chromoendoscopy for prediction of histology, it is not superior to magnifying chromoendoscopy for estimation of cancer invasion depth. Based on the available evidence, we have proposed a three-step strategy for management of colorectal lesions, which is based on NBI colonoscopy ([Fig. 5](#f5-ce-48-6-491){ref-type="fig"}) \[[@b23-ce-48-6-491]\]. Chromoendoscopy is necessary when we suspect that a lesion has invaded deeply into the submucosal layer, a situation observed in only 5% of all neoplastic lesions.

EDUCATION AND TRAINING
======================

Diagnosis of colorectal lesions by experts using NBI has been established, and the next challenge is to focus on training system for non-experts.

Recently, many articles have described the learning curve of NBI-based diagnosis using various training modules for differentiating between neoplasic and non-neoplastic lesion. Some in vitro studies have demonstrated that non-experts can achieve a high accuracy (81% to 90.8%) and good interobserver agreement with a short and simple training course or a computer-based program \[[@b24-ce-48-6-491]-[@b27-ce-48-6-491]\]. However, two prospective *in vivo* studies have demonstrated inferior accuracy (75.6% to 81%) after a video-based training program \[[@b28-ce-48-6-491],[@b29-ce-48-6-491]\]. These differences suggest that assessment of endoscopic images in real-time requires expertise. Endoscopic imaging in real time can be influenced by the location of a lesion, and the presence of mucus or residual fecal material on a lesion. It is necessary to learn how to obtain good evaluable images and to evaluate lesions *in vivo*. Dai et al. \[[@b30-ce-48-6-491]\] reported that a short interactive training program in combination with continual feedback involving 30 cases *in vivo* allowed less experienced endoscopists to improve their diagnostic accuracy for non-target lesions (70.0% to 96.7%) and target lesions (76.7% to 95.0%). Continuous feedback *in vivo* may be a key factor for improvement of accuracy when attempting to predict polyp histology in real time. Further investigations will be necessary to establish adequate *in vivo* training programs.

CONCLUSIONS
===========

At present, all polyps are basically removed and submitted for formal pathological examination because conventional WL colonoscopy has limited accuracy (59% to 84%) for differentiating between neoplastic and non-neoplastic lesions \[[@b13-ce-48-6-491],[@b31-ce-48-6-491]-[@b35-ce-48-6-491]\]. If it were possible to accurately assess colorectal polyp pathology using endoscopy alone, then tiny rectosigmoid hyperplastic polyps would be left *in situ*, thus reducing the risks associated with polypectomy, whereas diminutive adenomas could be resected and discarded, thus saving the cost of histological evaluation. Today many endoscopic modalities, such as NBI, autofluence imaging, Fuji Intelligent Chromo Endoscopy, and i-scan are available. Which modality should be used for assessment of colorectal polyp pathology endoscopically? The American Society for Gastrointestinal Endoscopy (ASGE) has suggested that the necessary thresholds for assessment of histology using endoscopic technology are \>90% agreement for determining post-polypectomy surveillance intervals with a ≥90% negative predictive value (when used with high confidence) for rectosigmoid polyps with an adenomatous histology \[[@b36-ce-48-6-491]\]. A systematic review and meta-analysis by the ASGE has confirmed that the thresholds for real-time endoscopic assessment of the histology of diminutive polyps have been met, at least for NBI performed by an expert when assessments are made with high confidence \[[@b37-ce-48-6-491]\]. Iwatate et al. \[[@b38-ce-48-6-491]\] have reported that high-magnification endoscopy significantly improved the rate of high confidence for differentiating between neoplastic and non-neoplastic colorectal lesions. In other words, magnifying endoscopy with NBI could enhance the application of real-time optical diagnosis in routine clinical practice.

In future, NBI will become a vital tool for detection, characterization and optical biopsy of colorectal polyps, especially when used with magnifying endoscopy.
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![Comparison of the field of view between the Olympus 260 and 290 series colonoscopes. The newly developed 290 series colonoscopes have a 170º field of view, 30º wider than the previous 260 series colonoscopes. This can help physicians to detect mucosal changes more rapidly, with less need for angulation.](ce-48-6-491f1){#f1-ce-48-6-491}

![Comparison of colonoscopic views using narrow-band imaging (NBI) between the Olympus 260 and 290 series endoscopy systems. (A) Colonoscopic view using NBI in the Olympus 260 series endoscopy system (EVIS LUCERA SPECTRUM). (B) Colonoscopic view using NBI in the Olympus 290 series endoscopy system (EVIS LUCERA ELITE). Colonoscopic views using NBI in the newly developed 290 series endoscopy system are brighter and have a higher resolution than those in the 260 series.](ce-48-6-491f2){#f2-ce-48-6-491}

![Colonoscopic views using high-definition white light (HD-WL) and high-definition narrow-band imaging (HD-NBI) in the Olympus 290 series endoscopy system. (A) Colonoscopic view using HD-WL. (B) Colonoscopic view using HD-NBI. Colorectal neoplastic lesions are recognized as pale-reddish or reddish areas using WL, and as brownish areas using NBI, which is caused by mucosal microvascular dilatation and neoplastic angiogenesis. White arrows indicate neoplastic lesions.](ce-48-6-491f3){#f3-ce-48-6-491}

![Capillary pattern classification.](ce-48-6-491f4){#f4-ce-48-6-491}

![Three-step strategy of narrow-band imaging (NBI). Adapted from Iwatate et al. \[[@b23-ce-48-6-491]\] ELITE, Olympus 290 series endoscopy system EVIS LUCERA ELITE; NICE, NBI International Colorectal Endoscopic.](ce-48-6-491f5){#f5-ce-48-6-491}

###### 

NICE classification

                          Type 1                                                                                Type 2                                                                                                                 Type 3
  ----------------------- ------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------
  Color                   Same or lighter than background                                                       Browner relative to background (verify color arises from vessels)                                                      Brown to dark brown relative to background; sometimes patchy whiter areas
  Vessels                 None, or isolated lacy vessels may be present coursing across the lesion              Brown vessels surrounding white structures^[a)](#tfn1-ce-48-6-491){ref-type="table-fn"}^                               Has area(s) of disrupted or missing vessels
  Surface pattern         Dark or white spots of uniform size, or homogeneous absence of pattern                Oval, tubular or branched white structures^[b)](#tfn2-ce-48-6-491){ref-type="table-fn"}^ surrounded by brown vessels   Amorphous or absent surface pattern
  Most likely pathology   Hyperplastic & sessile serrated polyp^[c)](#tfn3-ce-48-6-491){ref-type="table-fn"}^   Adenoma^[d)](#tfn4-ce-48-6-491){ref-type="table-fn"}^                                                                  Deep submucosal invasive cancer

NICE, narrow-band imaging (NBI) International Colorectal Endoscopic.

Can be applied using colonoscopes with/without optical (zoom) magnification;

These structures (regular or irregular) may represent the pits and the epithelium of the crypt opening;

In the World Health Organization classification, sessile serrated polyp and sessile serrated adenoma are synonymous;

Type 2 consists of Vienna classification types 3, 4, and superficial 5 (all adenomas with either low or high grade dysplasia, or with superficial submucosal carcinoma). The presence of high grade dysplasia or superficial submucosal carcinoma may be suggested by an irregular vessel or surface pattern, and is often associated with atypical morphology (e.g., depressed area).
